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MOLECUIAR DYNAKICS STUDY OF SODIUM
USING A MODELPSEUDOPOTENTIAL*

Richard E, s~~~~~n,t~alen K, str~ub, and B~~d Lee H~li~n

Los Alamos NaLional Laboratory, us Alamos, NM 87545

ABSTRACT

The dynamicH of sodium in investigated using tile coulomb and
Born-Mayer interaction auRmented by a model pseudopotcntial to repre-
tient the electron Interactions including screening, exchanRc, and
correlation. The model pnrametc?rs were prcviou~lv determined and
have been shown to accurately reproduce wperlmental equntlun-of-
statc, lattice vlhriILiun, and crvfital phnsc prcpertlus of sodium in
the harmonic limit. In thi~ paper tht’ equiition-of-stnte and ~truc-
tural properties are examined in molwul:lr dynilmirs r~l~ulilti(~n~.
Thw long rnngu effcct~ of tl~~’ptJLtmtlal aru included. TvPi~illlY,
~il~l~ particlv int~’rncts WILII about 5(X) nel~hlx}r~. lIIL’ (“illCUliltC’d
l~(lui~tl(~ll of stntc Of stldIum In tlli* Ilt-p, hcc, and 1Iquld sLructur~~s
is disc ~~ed.
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terms, ~. ~ includes the average electron kinetic energy, exchange,
dnd correlation energy, and q = O terms of the pseudopotential. The
total system energy is given by

‘TOT
=E~+Ev .

!WLID SC)DIllF

The hexagonal close-packed (hcp) and body-centered cubic (bee)
crystal structures of sodium were simulated by 672-particle Ml) svs-
tems. Foi each structure wc cnlcuiatud the static (T = O K) crystal
potential as a function of volume for the ran~c of ntomfc volumes
(:@) from 230 to 280 a .8 The results were fit to the cquution

“,2 + ~b:{ ,$.(..O) - P, + P*-’o + Pg..o

The coefficient are given in Table 1. The calculated bcc mtntic
crystal energy in -0.475 Ry, the zero

!
ret6surr atomic volume i~ 2S5.1

a~ ,
Y

and the bulk modulun la 5.08 x 10- Ry/u& Thetie values ugrc~’
w thin 12 of the obecrved valuea. We calculated finite-temperature
●nerHle~ from time avera~cs of the Mll kinetic and potentl~] cnergles
to obtain En, to which was added the volume-dependent tvrm~. Fw,

Ttible 1. Coefficient~ of RI)( CUll~C llt of tlw’ Cllll”lllilt(d FILilL1(” crys-
tal potential as a function of atomic volumu
.— —— --.-— —.——— .—— ..-

Term bcc hcp——— .—.. —. . ...

r, fRy) -0.310426 ~ 0.011 -0.297263 ‘ 0.035

pi (Ry/a~) (-1.676211 f 0,13) X 10-9 (-1.828394 ? 0,42) X 10-3

P, (Ry/aj) (5.575895 ? 0.51) x 10-C (6.161591 ‘ 1,6) X ]()-6

Ph (RY/a;) (-5.985510 ? 0,66) X 10-9 (-6.744432 ~ 2.1) X 1(1-’
— -— —.. — .—————..— — .- ..-—,- . . .. . . .. ..-. .—-— . . . .——— —.. ..— . .. . . . . . .. . . . .. .. . .. .. . ..—. ----



T lical resulting equation-o f-etate points are shown for bcc and hcp
sodium at an atomic volume of 256 ad in Fig. 2. We notice in this
figure the deviation from the harmonic result (the straight lines).
The enharmonic contributions to the energy, f(~,T), defined by

E(~O,T) = %(~0) + 3kT + f(i20,T) , (3)

was calculated for hcp and bcc sodium for volumes from 232 to 270 a~
(10% compression to 10% expansion) and temperatures from O to 400 K.
The data wac fitted by (ace Table II)

f(~o,T) = C(%)T2 . (4)

LIQUID SODIU?I

The molecular dynamics system melts
particles are great enough to allow them
perfect lattice positions arid form a more random structure. When

when the velocities of the
to diffuse away from the

-.469

-.470 .

I

•1

..

thig liquld state is cvuled by
artificially removinR kinetic
energy from the system, it re-
mains in a metastable glassy
state to low temperatures.
This glassy state may be stud-
ied in a manner similar to that.

dcscrlhcd above for the solid
tt)det~rmlnc~ Its cquatlcn of
Statu.
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Fig. 2. ‘fu~al mymtem ●ner~y vs
temperature for hcp and bcc sodium
at an atomic volume of 256 a~.

(ill) (x 10-g Ry/k2) (xl(j”” Rvik$
—... —— - — -. ___ - — - ..- - . . .

232 0.908 * 0.64 1.301 ‘O.21

250 1.012 !().52 1.475’ 0.50

256 1.250’ 0.10 1.563 ‘0.2’1

270 1.350 !0,51 2.057 !0,3’]
—. —.. .— .- _____ - . ______—---------.— ..------ —-— .. . . ------- . -
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Fig. 3. Equation-o f-6tate points for 3CC and l~quid sodium.
The circles denote points started in the bcc configuration.
The squarea denote points started in the glaeny solid con-
figuration.

lie on the upper, or liquid, curve represent calculation for
which the system “~elted from the bcc structure.

The points marked 1, 2, and 3 in Fig. 3 repre~ent calculatio,ls
thnt had initial Lemperotures of 400, 450, and 5G0 K, respectively.
Points 1 and 3 have equilibrated to about the same temperature.
Point 1 remained on the solid line , point 3 melted and equilibrated
at the liquid llne, and point 2 fo:med a partially melted state. h?’,

calculated the average mean ~quare displacements from the initiul pu-
2sltions, ~,ir >, for thcBe points. The results are plotted in Fig. 4.

After about 400 time units of equilibration, the curve for point 3
~ttained a conntant slope which yielded a diffusion coefficient of
3.7 x 10-5 cm2/s. The experimental value reported by Fabcr3 iR 4.2 x
10-5 cm2/s. The curve ft.m point 1 showa that the partlrleH are not
diffusing. The energy difference between the solid and llquid curv~~s
of Fig. 3 at 400 K in 1.7 x 10-3 Ry/ion, which compareH favorably with
the experimental latent heatof fusiouforsodiurn of 2.32 x !.0-3 Ry/lon.

DYNAMICPHASE CHANCE

We have simulated with FUl a bcc-to-hcp martensltlc phase changr
in uodiu~;,. Both the hcp and bcc Ml aystenm containrd 672 pnrti:les,
with 12 close-packed planen normal to the z-axis, in the name volumt’
but with differently-shaped periodic calculation: boxes. We began il

calculutiou of bcc eodium ●t 50 K and allowed the uystem to equili-
brate for 1S0 time units. AL CMU point we changed the nhnpc of tlw

pariodic box to make it appropriate to the hcp structure. ThlH had
the ●ffect of “pushing” the ●yntsm over ● potential hill, forming a
face-centcwed tetragonal (fct) syntem. The system thrn relaxed spon-
taneously to the hcp structure by a slipping of clo~e-pticked planc~



Tim (7 m lo-1~ ,)

bcc
time = 60 units

fct
time = 150 units

Fig, 4. The mean square
displacements va time
for the calculations that
produced pointa 1, 2, and
3 Of Fig. 3.

hcplfcc
time = 300 units

Fig. 5. The molecular dynamics system at three different times dur.
ing the dynamic phase changu. Near neighbor sareconnected by lines.

relative to one another, a~ is characteristic of martensitic phase
transitional Fig. 5 shows the ❑olecular dynamics ~ystem viewed down
rows of ●toms with near neighbors connected by lines for the bcc~ fct,
●nd hcp ayrt~sm The final equilibrated sLate of the system iEI not
pcrfact hcp because stacking faulto exiot aa indicated by the atandnrd
A, B, C designations of the relative positions of close-packed planes.
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